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© Provided is a nonaqueous battery having an 
active material of a positive electrode (1) formed 
from a composite powder consisting of Lh- x Mn204 - 
(0 £ X £ 1) and Li 2 Mn03- Because the active ma- 
terial has the form of a composite, this battery hardly 
permits manganese to dissolve out during charge 
and hence has excellent charge-discharge character- 
istics. 



B A 1 




INSDOCID: <EP 0589294A1_I_> 



Rank Xerox (UK) Business Services 

(3. 1073.09/3.3.4) 



1 



EP 0 589 294 A1 



2 



The present invention relates to a nonaqueous 
secondary battery comprising an oxide of man- 
ganese as an active material of a positive electrode 
and, more particularly, to improvement of this ac- 
tive material in order to improve the charge-dis- 
charge cycle characteristics. 

Manganese oxides of the general formula 
Li 1 - x Mn 2 04 (0 ^ X ^ 1), typically LiMrteO*.,. have 
been used as active materials of positive elec- 
trodes of nonaqueous secondary batteries, because 
these oxides permit high voltage to be taken out. 

However, with the above manganese oxides, 
manganese dissolves out during charge when the 
positive electrode has high potential, and hence 
there has been a problem that positive electrodes 
containing such manganese oxides markedly de- 
crease their discharge capacity at an initial period 
of charge-discharge cycle. 

Accordingly, an object of the present invention 
is to provide a nonaqueous secondary battery hav- 
ing excellent charge-discharge characteristics, by 
preventing manganese from dissolving out, during 
charge, from manganese oxide constituting the ac- 
tive material of the positive electrode. 

According to the present invention, the above 
object can be achieved by providing a nonaqueous 
secondary battery having an active material of a 
positive electrode comprising a composite powder 
comprising Lii- x Mn 2 0^ (0 ^ 1) and Li 2 Mn03. 

A more complete appreciation of the invention 
and many of the attendant advantages thereof will 
be readily obtained as the same become better 
understood by reference to the following detailed 
description when considered in connection with the 
accompanying drawings, wherein: 

FIGURE 1 is a schematic cross-sectional view of 

a flat-type embodiment of the battery of the 

present invention; 

FIGURE 2 is a graph showing how the internal 
resistance changes during continuous discharge 
with batteries according to the present invention 
and comparison battery; and 
FIGURE 3 is a chart showing the charge-dis- 
charge cycle characteristics of batteries accord- 
ing to the present invention and comparison 
battery. 

The most desirable powders usable for the 
present invention are composite powders compris- 
ing a powder of Li!- x Mn 2 04 (0 £ X < 1) and, 
formed on the surface of each of particles con- 
stituting the powder, a layer of Li 2 Mn0 3 . 

A representative example of the powder of 
Lii- x Mn 2 04 (0 S X < 1) is that of LiMn 2 04. 

The composite powder comprising a powder of 
Li-i-xM^O* and, formed on the surface of each of 
the particles, a layer of Li 2 Mn03 can be obtained 
for example by a process which comprises the 
successive steps of mixing lithium hydroxide 
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(LiOH) powder and manganese dioxide (Mn0 2 ) 
powder in a molar ratio of 1:2, heating the mixture 
at about 850 °C to obtain a powder of LiMn 2 C>4, 
mixing the obtained powder with lithium hydroxide 

5 powder and heating the resulting mixture in air at 
about 375 -C. 

The above composite powder preferably has 
an Li/Mn ratio of 0.52 to 1 .20. With an Li/Mn ratio of 
less than 0.52 the effect of the present invention of 

w improving charge-discharge cycle characteristics 
by combination with Li 2 MnC>3 does not exhibit suffi- 
ciently, while with the ratio exceeding 1.20 the 
discharge capacity decreases. 

The active material of a positive electrode in 

15 the present invention is generally used, after being 
kneaded with a binder such as fluororesin and, if 
necessary, a conductive agent such as carbon 
black, for preparing the positive electrode. 

The present invention has solved the problem 

20 associated with conventional nonaqueous secon- 
dary batteries that their charge-discharge charac- 
teristics become worse due to manganese dissolv- 
ing out by reaction of the manganese oxide and 
nonaqueous electrolyte solution used during charge 

25 when the positive electrode has high potential. The 
problem has been solved by the use, as an active 
material of a positive electrode, of a composite 
powder comprising Li 1 _ x Mn 2 04 and Li 2 Mn0 3 . It is 
therefore possible to use, for other parts constitut- 

30 ing the battery, such as nonaqueous electrolyte 
solution, negative electrode material and separator, 
various materials having been generally used or 
proposed for non-aqueous secondary batteries, 
with no particular limitation. 

35 Examples of solvents for nonaqueous electro- 

lyte solutions usable in the present invention are 
organic solvents, e.g. propylene carbonate, eth- 
ylene carbonate and 1,2-butylene carbonate and 
mixed solvents comprising the above organic sol- 

40 vents and a low-boiling-point solvent such as 
dimethyl carbonate, diethyl carbonate, 1,2- 
dimethoxyethane, 1 ,2-diethoxyethane or ethox- 
ymethoxyethane. Examples of solutes usable in the 
invention are UPFg, UCIO4 and UCF3SO3. 

45 Usable negative electrode materials are metal- 

lic lithium and substances capable of occluding 
and discharging lithium. Examples of the latter are 
lithium alloys, specific oxides and carbon materials. 
Powder materials such as carbon materials are 

50 generally used for preparing negative electrodes 
after being kneaded with a binder such as poly- 
tetrafluoroethylene. 

Other features of the invention will become 
apparent in the course of the following descriptions 

55 of exemplary embodiments which are given for 
illustration of the invention and are not intended to 
be limiting thereof. 
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Example 1 

A flat-type nonaqueous secondary battery ac- 
cording to the present invention was prepared as 
follows. 

Preparation of positive electrode 

A mixture of lithium hydroxide powder and 
manganese dioxide powder in a molar ratio of 1:2 
was heated in air at 850 °C for 20 hours, to yield a 
powder of lithium-containing manganese oxide 
(LiMn 2 04> having spinel structure. The identifica- 
tion of the LiM^CX was conducted by collating the 
results obtained by X-ray diffractometry with 
JCPDS card (this method was also used in the 
succeeding Examples). 

The thus obtained LiMn 2 04 powder was mixed 
with lithium hydroxide powder in a molar ratio of 
1:0.02, and the mixture was heated in air at 375 W C 
for 20 hours to yield a composite powder compris- 
ing a powder of LiMn 2 04 and, formed on the 
surface of each of the LiMn 2 C>4 particles, a layer of 
Li 2 Mn03. Here, the identification of the LiMn2 04 
and Li 2 Mn03 was also conducted, as above, by 
collating the results of X-ray diffractometry with 
JCPDS cards (this method applied also in the 
succeeding Examples). Chemical analysis revealed 
that the composite powder had an Li/Mn ratio of 
0.51 (the Li/Mn ratios in the succeeding Examples 
were also obtained by similar chemical analyses). 

An agent for preparing positive electrode was 
prepared by mixing the thus obtained composite 
powder as an active material of the positive elec- 
trode, carbon black as a conductive agent and 
fluororesin as a binder in a ratio by weight of 
85:10:5. The agent thus prepared was then molded 
into a disc-shaped positive electrode. Stainless 
steel plate (SUS304; Japanese Industrial Standard 
Code) was used as a positive electrode collector. 
The positive electrode was dried in vacuum at 
250 °C before the consruction of the battery. 

Preparation of negative electrode 

A disc-shaped negative electrode comprising 
metallic lithium was prepared by rolling and punch- 
ing. Stainless steel plate (SUS304) was used as a 
negative electrode collector. The positive electrode 
was dried in vacuum before the construction of the 
battery. 

Preparation of nonaqueous electrolyte solution 

LiPF 6 (lithium hexafluorophosphate) was dis- 
solved in a 1/1 by volume mixed solvent of pro- 
pylene carbonate (PC) and 1 ,2-dimethoxyethane 
(DME) in a concentration of 1 mole/liter to give a 



nonaqueous electrolyte solution. 
Preparation of battery 

5 The positive and negative electrode and non- 

aqueous electrolyte solution prepared above were 
used to prepare a flat-type battery BA1 according 
to the present invention (battery size: diameter = 
24 mm and thickness = 3 mm). A microporous 

io thin membrane of polypropylene was used as a 
separator and impregnated with the above non- 
aqueous electrolyte solution. 

FIGURE 1 is a schematic cross-sectional view 
showing the battery BA1 according to the present 

75 invention thus prepared, which comprises a posi- 
tive electrode 1 , a negative electrode 2, a separator 
3 separating the two electrodes, a positive elec- 
trode can 4, a negative electrode can 5, a positive 
electrode collector 6, a negative electrode collector 

20 7 and a polypropylene insulating packing 8. The 
positive electrode 1 and the negative electrode 2 
were, while facing with each other via the separator 
3, housed in a battery case formed by the positive 
and negative electrode cans 4 and 5. The positive 

25 electrode 1 was connected via the positive elec- 
trode collector 6 to the positive electrode can 4 and 
the negative electrode 2 via the negative electrode 
collector 7 to the negative electrode can 5, so that 
the chemical energy generated in the battery BA1 

30 of the present invention can be taken out from the 
terminals of the positive and negative electrode 
cans 4 and 5 as electric energy. 

Example 2 

35 

Example 1 was repeated except that in the 
preparation of positive electrode the molar ratio of 
mixing of LiMn 2 04 powder and lithium hydroxide 
powder was changed to 1:0.04, to prepare a bat- 
40 tery BA2 according to the present invention. 

In the above positive electrode, the Li/Mn ratio 
of the composite powder that constituted the active 
material of the positive electrode and consisted of 
LiMn 2 04 and Li 2 Mn0 3 was 0.52. 

45 

Example 3 

Example 1 was repeated except that in the 
preparation of positive electrode the molar ratio of 
so mixing of LiMn 2 04 powder and lithium hydroxide 
powder was changed to 1 :0.2, to prepare a battery 
BA3 according to the present invention. 

In the above positive electrode, the Li/Mn ratio 
of the composite powder that constituted the active 
55 material of the positive electrode and consisted of 
LiMn 2 04 and Li 2 Mn03 was 0.60. 
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Example 4 

Example 1 was repeated except that in the 
preparation of positive electrode the molar ratio of 
mixing of LiMn 2 C>4 powder and lithium hydroxide 
powder was changed to 1 :1 .4, to prepare a battery 
BA4 according to the present invention. 

In the above positive electrode, the Li/Mn ratio 
of the composite powder that constituted the active 
material of the positive electrode and consisted of 
LiMn 2 0* and Li 2 Mn0 3 was 1.20. 

Example 5 

Example 1 was repeated except that in the 
preparation of positive electrode the molar ratio of 
mixing of LiMn 2 0* powder and lithium hydroxide 
powder was changed to 1:1.6, to prepare a battery 
BA5 according to the present invention. 

In the above positive electrode, the Li/Mn ratio 
of the composite powder that constituted the active 
material of the positive electrode and consisted of 
LiMn 2 04 and Li 2 Mn0 3 was 1.30. 

Example 6 

A mixture of lithium hydroxide powder and 
manganese dioxide powder in a molar ratio of 3:5 
was heated in air at 850 °C for 20 hours, to yield a 
composite powder consisting of lithium-containing 
manganese oxide (LiMn 2 00 having spinel structure 
and a lithium-containing manganese oxide 
(Li 2 Mn03) having a layer structure. The composite 
powder had an Li/Mn ratio of 0.60. 

Example 1 was repeated except that the thus 
prepared composite powder was used as an active 
material of the positive electrode, to prepare a 
battery BA6 according to the present invention. 

Comparative Example 1 

A mixture of lithium hydroxide powder and 
manganese dioxide powder in a molar ratio of 1:2 
was heated in air at 850 • C for 20 hours, to yield a 
powder of LiMn 2 0* having spinel structure. 

Example 1 was repeated except that the 
LiMn 2 04 powder thus obtained was used instead of 
the composite powder consisting of LiMn 2 04 and 
Li 2 Mn0 3 , as an active material of the positive elec- 
trode, to prepare a comparison battery BC1. 

Continuous charge test 

The BA1 through BA6 according to the present 
invention and the comparison battery BC1 were 
continuously charged at 4.5 V, and the time 
courses of their internal resistance were observed. 
The results are shown in FIGURE 2. 



FIGURE 2 is a graph showing how the internal 
resistance of each of the batteries changed, 
wherein the ordinate represents the internal resis- 
tance and the abscissa the charge time (weeks). 

5 From FIGURE 2, it is understood that while the 

batteries of the present invention utilizing as an 
active material of the positive electrode a compos- 
ite powder comprising LiMn 2 0* and Li 2 Mn03 
showed almost no or, if at all, very slow increase in 

10 the internal resistance, the comparison battery BC1 
showed a sharp increase in the internal resistance 
which reached 50Q in a week after the start of 
charge. The sharp increase in the internal resis- 
tance of the comparison battery BC1 is considered 

75 to be due to clogging of micropores of the separa- 
tor by deposition, on the lithium negative electrode, 
of Mn having dissolved out from the positive elec- 
trode. The large increase in internal resistance as 
seen in the comparison battery BC1 renders it 

20 difficult to continue charge, thereby decreasing the 
battery capacity. 

From comparison between the batteries BA1 
through BA6 of the present invention, it is under- 
stood that the larger the Li/Mn ratio, i.e. the higher 

25 the content of Li 2 Mn0 3 in the composite powder 
used, the smaller the increase in the internal resis- 
tance. The mechanism involved in this phenom- 
enon is not clear, but it is attributable to Li 2 Mn0 3 
playing a role of suppressing dissolving out of Mn 

30 from UMn 2 04- 

Besides, comparison of the batteries BA3 and 
BA6, both having the same Li/Mn ratio of the 
composite powder, of the present invention shows 
that the increase in the internal resistance is small- 

35 er with BA3 than with BA6. This is attributable to 
the difference in the process for the preparation of 
the active materials of the positive electrodes. That 
is, while for the battery BA3 of the present inven- 
tion (also for BA1, BA2, BA4 and BA5) a layer of 

40 Li 2 Mn0 3 is selectively formed on the particles of 
LiMn 2 04, for BA6 crystals of LiMn 2 0* and 
Li 2 Mn0 3 are randomly formed in the active ma- 
terial of the positive electrode. 

45 Cycle test 

The BA1 through BA6 according to the present 
invention and the comparison battery BC1 were 
subjected to a cycle test at room temperature 

50 (25 °C), one cycle consisting of charge with 3 mA 
up to 4.5 V and the succeeding discharge with 3 
mA down to 3.0 V, and their charge-discharge 
cycle characteristics were studied. The results are 
shown in FIGURE 3. 

55 FIGURE 3 is a graph showing the charge- 

discharge cycle characteristics of the batteries, 
wherein the ordinate represents the discharge ca- 
pacity per unit weight (mAh/g) of the active materi- 
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als of the positive electrodes and the abscissa the 
number of cycles (times). 

From FIGURE 3, it is apparent that the bat- 
teries BA1 through BA 6 of the present invention 
have better charge-discharge cycle characteristics 5 
than that of comparison battery BC1 . 

Further to be understood is that, from compari- 
son of the batteries BA1 through BA6 of the 
present invention with one another, it is desirable to 
use as an active material of a positive electrode, a io 
composite powder comprising a powder of 
LiMn 2 04. and, selectively formed on the surface of 
the LiMn 2 04 particles, a layer of Li 2 Mn0 3 , and that 
it is also desirable to use one having an Li/Mn ratio 
of 0.52 to 1 .20. 75 

In the above Examples, for the preparation of 
the active materials of the positive electrodes, the 
heat-treatments of lithium hydroxide (LiOH) powder 
and LiMn 2 04. powder were carried out only at 
375 s C, but this process can be carried out in the 20 
temperature range of from 200 0 C to 1 000 0 C. 

In the above Examples, also, the batteries ac- 
cording to the present invention are flat-type ones. 
However, the nonaqueous secondary battery of the 
present invention may have any shape, with no 25 
particular limitation, such as cylindrical and square 
types. 

Obviously, numerous modifications and vari- 
ations of the present invention are possible in light 
of the above teachings. It is therefore to be under- 30 
stood that within the scope of the appended claims, 
the invention may be practiced otherwise than as 
specifically described herein. 

Claims 35 

1. A nonaqueous secondary battery having an 
active material of a positive electrode compris- 
ing a composite powder comprising 
Li 1 - x Mn 2 04 (0 2 X < 1) and Li 2 Mn0 3 . 40 

\, . 

2. The nonaqueous secondary battery according 
to Claim 1, wherein said composite powder 
comprises a powder of Li 1 _ x Mn204 (0 2 X £ 1) 
and, formed on the surface of each of particles 45 
constituting said powder of Li 1 _ x Mn 2 04 (0 2 X 

£ 1), a layer of Li 2 Mn0 3 . 

3. The nonaqueous secondary battery according 

to either Claim 1 or Claim 2, wherein said 50 
composite powder has an Li/Mn ratio of 0.52 to 
1.20. 
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